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(57)Abstract 

PROBLEM TO BE SOLVED: To realize a nitride semiconductor device, 
using a nitride semiconductor as its substrate by making an n-type nitride 
semiconductor layer with a specific film thickness to grow on a substrate, 
and by making nitride semiconductor layers containing acceptor impurities 
grow on the foregoing nitride semiconductor layer, and further, by removing 
thereaft r the substrate therefrom. 

SOLUTION: A buffer layer 1 1 is made to grow in contact with a substrate 
10 made of spinel (MgAI204). Then, an n-type nitride compound 
semiconductor layer 1 with a film thickness not smaller than 20 U m is made 
to grow in contact with the buffer layer 1 1. Further, an active layer 2 is 
made to grow in contact with the semiconductor layer 1 . Subsequently, 
nitrid s miconductor layers 3, 4 containing acceptor impurities are made to 
grow on the active layer 2. Then, a resultant wafer is taken out from a 
reaction container, to remove the substrate 10 therefrom. In this case, the 
buffer layer 1 1 is also removed naturally therefrom. Further, an n-electrode 
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th bottom surface of the wafer, and an electrode comprising a translucent 
p-typ electrode 21 and a pad electrode 22 is formed on the uppermost 
semiconductor layer 4. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by comput r.So the translation may not reflect th original pr cis ly. 

2. **** shows the word which can not b translated. 
3.1n the drawings, any words are not translated. 



CLAIMS -——^ 

[Claim(s)] ~~ — - — 

[Claim 1] The manufacture method of the nitride semiconductor device characterized by having the process into which the 
nitride semiconductor layer which contains acceptor impurity at least is grown up, and the process which removes a 
substrate after the nitride semiconductor layer growth containing acceptor impurity in the process which grows up n typ 
nitride semiconductor layer into the substrate upper part by thickness 20 micrometers or more, and this n type nitride 
s miconductor layer upper part. 

[Claim 2] The manufacture method of a nitride semiconductor device according to claim 1 that the aforementioned 
substrate is characterized by the bird clapper from a spinel. 

[Claim 3] The manufacture method of the nitride semiconductor device according to claim 1 or 2 characterized by including 
th process which carries out annealing in the atmosphere containing a nitrogen source after the nitride semiconductor 
lay r growth containing the aforementioned acceptor impurity, and which carries out annealing in the atmosphere which 
does not include the source of hydrogen after that 

[Claim 4] The manufacture method of the nitride semiconductor device characterized by having the process into which th 
nitrid semiconductor layer containing acceptor impurity is grown up at least at the process which grows up n type nitride 
s miconductor layer into the spinel substrate upper part by thickness 20 micrometers or more, the process which remov s 
a substrate after n type nitride semiconductor layer growth, and n type nitride semiconductor layer upper part after 
substrate removal. 

[Claim 5] The manufacture method of the nitride semiconductor according to claim 4 characterized by making the front 
fac of the n type nitride semiconductor layer into the shape of a mirror plane after the aforementioned n type nitride 
s miconductor layer growth. 

[Claim G] The manufacture method of the nitride semiconductor device according to claim 4 or 5 characterized by having 
the process which carries out annealing in the process which carries out annealing of the n type nitride semiconductor in 
th atmosphere containing a nitrogen source after the aforementioned substrate removal, and the atmosphere which do s 
not include the source of hydrogen after the nitride semiconductor layer growth which contains acceptor impurity after 
that. 

[Claim 7] The aforementioned n type nitride semiconductor layer is the manufacture method of a nitride semiconductor 
giv n in the claim 1 characterized by making small carrier concentration of the side close to p type nitride semiconductor 
layer, and enlarging carrier concentration of the side which is separated from p type nitride semiconductor, or any 1 term of 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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DETAILED DESCRIPTION 



[D tailed Description of the Invention] 
[0001] 

Qndustrial Application] this invention relates to the manufacture method of the nitride semiconductor (InXAIYGa1-X-YN, 0 
<=X, 0<=Y, X+Y<=1) element used for light-receiving devices, such as luminescence devices, such as Light Emitting Diod 
(light emitting diode) and LD (laser diode), a solar battery, and a photosensor. 
[0002] 

[D scription of the Prior Art] The nitride semiconductor is put in practical use now as the blue luminescence Light Emitting 
Diode and green luminescence Light Emitting Diode. Since the substrate which carried out grid adjustment does not exist, 
th nitride semiconductor is growing through AIN of the hundreds of A thickness directly formed on the silicon on sapphire 
from which a lattice constant differs no less than 1 3.5%, and the GaN buffer layer. Although the attempt which produces the 
bulk crystal of GaN which, on the other hand, serves as a substrate which carried out grid adjustment is performed in th 
for ign r search period, now, the actual condition is that the bulk crystal of GaN can grow only in 1 200 degrees C or mor 
and th levated-temperature high-pressure atmosphere of 10,000 or more atmospheric pressure, but only the small 
crystal about several mm phi is moreover obtained. 

[0003] Since the GaN substrate by the bulk single crystal is not expectable, the technology which uses a GaN thick film as 
a substrate is shown in JP.8-1 1 6090.A. According to this technology, GaN is formed by 50-200-micrometer thickness 
through a buffer layer on substrates, such as GaAs, and GaP. InP, Si, and the nitride semiconductor which removes a 
substrat by meanses, such as polish and chemical etching, after that, and newly contains n type layer and p type layer on 
th GaN layer which remained is grown up. 

[0004] Moreover, after repeat a buffer layer and a GaN single crystal layer, growing up JP,7-165498,A on a substrate, 
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becomes silicon on sapphire from ZnO and growing up GaN of a thick film on the buffer layer, the method of obtaining th 
GaN single crystal substrate of a thick film is shown by by carrying out dissolution removal of the ZnO. Furthermore, th 
luminescence device which carried out the laminating of the nitride semiconductor layer of a mutually different conductivity 
typ on a GaN single crystal substrate to JP,7-94784,A is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, although much technology is proposed by the GaN substrate for growing 
up a nitride semiconductor, the nitride semiconductor which used this GaN as the substrate does not yet appear in it, but, 
actually, it is very difficult for it to it to manufacture the various device elements which have the thick film GaN dozens of 
microm ters or more in a substrate. 

[0006] Therefore, the place made into the purpose of this invention is in manufacturing the device element which consists 
of a nitride semiconductor to offer the manufacture method that the element which used the nitride semiconductor for th 
substrat is realizable. 
[0007] 

[Means for Solving the Problem] The manufacture method of the nitride semiconductor device element of this invention 
consists of two kinds of modes, the 1st mode It is n type nitride semiconductor layer (it is hereafter called n type layer.) to 
th substrate upper part, h is characterized by having the process into which the nitride semiconductor layer which 
contains acceptor impurity at least is grown up, and the process which removes a substrate after the nitride semiconduct r 
lay r growth containing acceptor impurity in the process grown up by thickness 20 micrometers or more, and this n typ 
lay r upper part. It is desirable to use a spinel (MgAI 204) for a substrate especially in the 1 st mode of this invention, arid 
to make the field (1 1 1) of a spinel substrate into the growth side of a nitride semiconductor also in it. 
[0008] In the 1st mode of this invention, it is characterized by including the process which carries out annealing (heat 
tr atm nt) in the atmosphere containing nitrogen after the nitride semiconductor layer growth containing acceptor impurity 
and which carries out annealing in the atmosphere which does not include the source of hydrogen after that. By supplying 
th source of N, it is to carry out annealing in the atmosphere containing a nitrogen source in order to prevent disass mbly 
of a nitride semiconductor and to prepare crystal linity. Therefore, it is desirable to carry out annealing in 300 degrees C - 
1 200 d grees C atmosphere, using ammonia, a hydrazine, etc. as a source of N. It is 400 degrees C or more that 
crystallinity becomes good most. It is to carry out annealing in the atmosphere which does not include the source of H in 
ord r to make low resistanc further th nitrid s miconductor lay r which removed H combined with acceptor impurity 
from under the crystal, and dop d acceptor impurity with th afor m ntioned sourc ann aiing of N among the reaction. It 
is d sirabl to also p rform this annealing above 400 degr s C. 

[0009] Mor ov r, the 2nd mod of this inv ntion is charact riz d by growing up th nitride semic nductor layer containing 
acc ptor impurity at least at the process which grows up n typ lay r into th spinel substrat upper part by thickness 20 
microm ters or more, th process which r mov s a substrate aft r n type lay r growth, and n typ layer upp r part aft r 
substrat r moval. Moreover, als in the 2nd mod of this invention, it is desirable to mak th fi Id (1 1 1) of a spin I 
substrate into the growth sid of a nitride s mi conduct r. 

[0010] In addition, in the claim of this application, n cessarily not growing up n typ lay r int a substrat in contact with n 
typ lay r which carries out substrate up growth not n c ssarily, gr wing up buffer lay rs, such as GaN, AIN, and ZnO, in 
http://www4.ipdljpo.gojp/cgi-bin/tran - web_cgi_ jje 03/09/01 
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contact with a substrat . and growing up n type lay r of 20 micromet rs or mor of thickn ss in contact with this buffer 
lay r is also included. The nitrid semiconductor of sing! comp sition is suffici nt as n type lay r of thickn ss 20 
microm ters or mor , and the lay r which carri d out th laminating of th thin film of n typ lay r from which c mpositi n 
diff rs is suffici nt as it Similarly nec ssarily not growing up th nitride semiconductor lay r which not nec ssarily dop d 
acc ptor impurity as growing up th nitride semiconductor lay r which dop d acceptor impurity to b n typ lay r upp r 
part in contact with n type layer, growing up a buff r layer, i type layer, or a barri r layer in contact with n typ lay r, and 
growing up th nitrid s miconductor which d p d acc ptor impurity in contact with thos buffer layers, i type lay r, and 
th barri r layer is also included. 

[001 1] Furthermore, in th 2nd mode of this inv ntion, it is characteriz d by making the front face of the n typ lay r into 
the shap of a mirror plane aft r n type lay r growth. 

[001 2] Moreover, in the 2nd mode of this invention, annealing of the n type nitride semiconductor is carried out in th 
atmosphere containing a nitrogen source after the aforementioned substrate removal, and it is characterized by carrying 
out ann aling in the atmosphere which does not include the source of hydrogen after the nitride semiconductor layer 
growth which contains acceptor impurity after that After substrate removal, annealing is carried out for preventing 
disass mbly of a nitride semiconductor and preparing a crystalline good substrate in the atmosphere containing a nitrog n 
sourc , and it is desirable similarly by supplying the source of N to carry out annealing in 300 degrees C - 1200 degr es C 
atmosphere using ammonia, a hydrazine, etc. as well as the 1st mode. The temperature to which crystallinity becomes good 
most is 400 degrees C or more. Annealing is carried out in the atmosphere which does not include the source of H for 
making low resistance further the nitride semiconductor layer which removed H combined with acceptor impurity in the 
r action as well as the 1st mode from under the crystal, and doped acceptor impurity, and it is desirable to carry out ab v 
400 degrees G. Moreover, in the 1st mode of this invention, and the 2nd mode, rt is characterized by for n type layer making 
small carrier concentration of the side close to p type layer, and enlarging carrier concentration of the side which is 
s parat d from p type nitride semiconductor. 
[0013] 

[Embodiments of the Invention] Drawing 1 (a) - (e) is the type section view showing the partial structure of the wafer 
obtain d in each process of the 1st mode of this invention. The 1st mode of this invention is explained based on thes 
drawings. 

[0014] Especially the growth method of a nitride semiconductor is not limited and can apply all the methods proposed in 
order to grow up [for example, ] a nitride semiconductor conventionally [, such as MOVPE (organic-metal vapor growth), 
HDVPE (halide vapor growth), and MBE (molecular-beam vapor growth), ]. 

[0015] In drawing 1 (a), 10 is a substrate. A nitride semiconductor is first grown up on this substrate 10. Although 
substrat s, such as sapphire, a spinel, SiC, GaAs, and Si, ZnO, can be used for a substrate 10 in the 1st mode, a spin I is 
used pr ferabiy. A spinel can grow up the nitride semiconductor of single composition by the thick film 20 micrometers or 
mor as compared with other materials. And if the field (1 1 1 ) of a spinel is made into the growth side of a nitride 
s miconductor, a crystalline good nitride semiconductor can grow by the thick film. In addition, crystalline right and wrong 
can b judged by measuring the half-value width of 2 crystallization X-ray rocking curve, and if the crystal for 100 or less 
s conds is most preferably obtained for the half-value width 150 or less seconds still more preferably 200 or less seconds, 
it can b judged that the nitride semiconducting crystal has few cracks, and the uniform field is acquired. There are few 
lattic constant differences with a nitride semiconductor (9%), and a spinel has few coefflcient-oMihermal-expansion 
differences, and since the crystal is soft, even if it grows up the nitride semiconductor of a thick film as compared with the 
substrate into which the nitride semiconductor of further others is grown up, it has the feature that a crack cannot ent r 
easily. For example, when GaN is grown up to be substrates, such as sapphire and SiC, by thickness 10 micrometers or 
mor , there is an inclination for a crack to tend to enter. 

[0016] Next a buffer layer 1 1 is grown up in contact with this substrate 10. A buffer layer 1 1 grows up nitride 
semiconductors, such as AIN, AIGaN, GaN, and InGaN, at 200 degrees C - 900 degrees C low temperature. A buffer lay r 
1 1 has the operation which eases the grid mismatching of a substrate 10 and the nitride semiconductor grown up into th 
d gree of a buffer layer. In addition, since a nitride semiconductor has the property which shows n type in the state of a 
non dop (an impurity is not doped) by the own lattice defect of a semiconductor, a buffer layer 1 1 usually shows n type 
conductivity. 

[0017] As furthermore shown in (b), a buffer layer 1 1 is touched and n type layer 1 is grown up by thickness 20 
micrometers or more, n type layer 1 is grown up at an elevated temperature rather than a buffer layer. It is desirable for 
th composition to set n type layer 1 to GaN, when 20 micrometers or more grow by single composition. It is easy to grow 
up GaN rather than the nitride semiconductor containing In or aluminum, and a crystalline good thing is obtained most 
Mor ov r, n type layer 1 can carry out the laminating of two or more n type layers, and can also set them to 20 
microm ters or more. For example, the laminating of the n type layer of a thin film can also be carried out to condition of 
growing up 5 micrometers of GaN(s) on a buffer layer 11, InGaN growing up further 0.1 micrometers of 5 micrometers of 
GaN(s), repeating it on it and making it thickness 20 micrometers or more. Thus, if a substrate 10 is a spinel when growing 
up th nitride semiconductor of a thin film, n type layer into which a crack cannot go easily can be grown up. In addition, it 
is d sirable for a nitride semiconductor to dope donor impurities, such as Si, germanium, and Sn, preferably, although ann 
dop also becomes n type as mentioned above, and to grow up n type layer which adjusted carrier concentration. In 
addition, 20 micromet rs or mor of 50 microm t rs or more of thickness of n typ layer 1 ar most preferably grown up by 
thickness 100 microm ters or mor still mor pr ferabiy. It is becaus a waf r will become asy to break and it will b hard 
coming to produc th chip f an xact c nfiguration, wh n a substrat is r moved later, if f w r than 20 microm t rs. 
Although sp cially th upp r limit of thickness is not sp cified. it is usually adjusted to 1mm or I ss. 

[0018] Wh n doping a donor impurity and adjusting carrier concentration, as f r the carrier concentrati n of n typ layer 1, 
it is desirabl to enlarge carri r concentrati n of th side clos to th buff r lay r 1 1. and t make small carrier 
cone ntrati n of th sid clos to the barrier layer 2 grown up int a degr on th other hand. Thus, if carrier 
concentration f the side clos to p typ layer is mad small and n ar carri r cone ntration of the r c ding on is enlarged, 
a substrate 10 will b deleted b hind, the carri r injecti n efflci ncy at th time off rming n el ctrode in n typ layer 1 
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sid will improv , and a radiant pow r output will improv . 
. [0019] Next as shown in (c), a barrier lay r 2 is grown up in contact with n typ lay r 1. n typ ( i typ , or p typ is 
suffici nt as the conductivity typ of th barri r layer 2 formed in contact with n typ lay r. A barri r lay r 2 has the 
d sirabl w II layer which constrtut s s that the well lay r which consists of a nitride s miconductor containing In may be 
includ d, and consists of InGaN of mixed crystal pr f rably. Sine the object with sufficient crystallinity of 4 yuan of 3 yuan 
is obtained compar d with the thing of mixed crystal, th radiant power output of InGaN of mixed crystal improves. Wh n 
producing a Light Emitting Diod el ment, a barri r layer is tak n as the single quantum w II structure (SQW:Singl - 
quantum-w II) which consists of a singl well layer. Mor ov r, in producing LD el ment it considers as the multiplex 
quantum well structur (MQW:Multi-quantum-w II) which carri d out the laminating of the w II layer which consists a 
barrier layer of InGaN, and the barri r layer which consists of a nitride semiconductor with larger band GYABBU than a well 
lay r. a barrier layer — the same — InX'Gal-X'N (0 <=X'<1, X* <X) of 3 yuan mixed crystal — desirable — well + 
obstruction + well + ... a laminating is carried out and MQW is constituted so that it may become a 10 obstruction + well 
(th r verse — even when — good) Thus, if a barrier layer is set to MQW which carried out the laminating of the InGaN, 
high power LD for about 365nm - 660nm is realizable by luminescence between quantum level. Furthermore, when the 
laminating of the barrier layer which consists of InGaN on a well layer is carried out. the barrier layer which consists of 
InGaN has a soft crystal compared with AIGaN. Therefore, since thickness of AIGaN of a clad layer can be thickened, las r 
oscillation is realizable. Furthermore, InGaN differs in crystal-growth temperature from AIGaN. For example, in the MOVPE 
m thod, AIGaN grows up InGaN at temperature higher than 900 degrees C to making it grow up at 600 degrees C - 800 
d grees C. Therefore, if it is going to grow up the barrier layer which consists of AIGaN after growing up the well layer 
which consists of InGaN, it is necessary to raise growth temperature. If growth temperature is raised, since the InGaN well 
layer grown up previously will decompose, it is difficult to obtain a crystalline good well layer. Furthermore, if there is no 
thickn ss of a well layer and the dozens of A well layer of a thin film decomposes it it will become difficult to produce 
MQW. If a barrier layer is also set to InGaN to it a well layer and a barrier layer can grow at the same temperature. 
Th refore, since the well layer formed previously does not decompose, crystalline good MQW can be formed. Although this 
shows the most desirable mode of MQW, what composition is sufficient as long as it makes InGaN for a well layer and 
mak s bandgap energy of a barrier layer others for a barrier layer like GaN and AIGaN more greatly than a well layer. In 
which can do the barrier layer of InGaN multiplex quantum well structure or single quantum well structure with the 
composition ununiformity of an InGaN well layer — an exciton carries out. localization to a rich energy potential well lay r, 
and th localization exciton is formed A radiant power output improves by this localization exciton luminescence. That is, 
when such single thickness carries out the laminating of the thin film which is dozens of A, a well layer and a barrier lay r 
do not grow by uniform thickness, but the irregular layer is in the state where it overlapped several times over. If doubl 
h tero structure which sandwiches an irregular barrier layer in a clad layer with a larger band gap than a barrier layer is 
realized, the electron and hole which were poured into the barrier layer wiii come to be confined aiso in a crevice, and will 
b confined in both directions in every direction with lengthwise [ of a clad layer ]. For this reason, it comes to be shut up 
by the quantum box with which a carrier consists of InGaN which is three dimensions with an about 10-70A irregularity 
diff rence, or the quantum disk, and the quantum effect different from the conventional quantum well structure appears. 
[0020] Next, as shown in drawing 1 (c), the nitride semiconductor layers 3 and 4 (the nitride semiconductor layer containing 
acc ptor impurity is hereafter called p type layer.) containing acceptor impurity are grown up on a barrier layer 2. Sine the 
easi st Light Emitting Diode structure is shown, although p type layer consists of a p type clad layer 3 and a p type contact 
layer 4 in this drawing, p type layer which has composition different if needed can anywhere newly be inserted besides 
th se p type layers, if it is on a barrier layer, in addition, the thing for which these p type layers perform annealing aft r 
growth — further — low — p type layer [ **** ] is realizable 

[0021] n type layer 1 is grown up by thickness 20 micrometers or more on a substrate 10 as mentioned above, and p type 
lay rs 3 and 4 are grown up at least on the n type layer 1. In addition, even if it may grow up a buffer layer 11 between n 
typ layer 1 and a substrate 10 and grows up a barrier layer 2 between n type layer 1 and p type layer 3, n type layer (for 
example, n type clad layer) which is within the limits of this invention, and consists of other composition between n type 
layer 1 and a barrier layer 2 can also be grown up. 

[0022] Next after growing up the element structure which consists of a nitride semiconductor, a wafer is picked out from a 
r action container, and a substrate 10 is removed as shown in drawing 1 (d). There are meanses, such as polish and 
etching, in removing a substrate 10. If it is polish, polishing will be performed after wrapping using SiC powder and diamond 
powder. If it is chemical etching, it is removable by dissolving a substrate side with the mixed acid of a sulfuric-acid + 
phosphoric acid, and a sulfuric-acid + hydrogen peroxide. In addition, the buffer layer 11 is removed in drawing 1 , and a 
buff r layer 11 is very a film, and with technology, such as etching and polish, since a substrate is not necessarily remov d 
by flat-surface homogeneity in the precision of dozens of A, nature and a buffer layer 1 1 are also removed. Thus, the front 
fac of n type layer 1 which consists of a nitride semiconductor, and the front face of p type layer 4 can produce the waf r 
exposed up and down. 

[0023] Drawing 1 (e) shows the nitride semiconductor chip structure started in the shape of a chip from the wafer of (d). 
Th n el ctrode 20 is formed in the front face of n type layer 1 equivalent to a base, and the electrode which consists of 
th p electrode 21 and the pad electrode 22 of a translucency is formed in p type contact layer 4 of the best layer. Th p 

I ctrode 21 is a metal electrode of a translucency, for example, it has obtained p type contact layer 4 and desirable hmic 
contact while b ing formed by thickness 0.1 microm t rs or less, th hydrogen which th p electrod 21 of a translucency 
can observ luminescenc of a barrier lay r 2 from p typ layer sid , and is contained in p typ lay r sine thickn ss is thin 
— the tim of annealing — p netrating — low — it has contribut d t realization of p typ layer [ **** ] Sine th 
transluc ncy I ctrod 21 will bee m easy t s parat rf dir ct wire bonding of the pad el ctrode 22 is carri d out to the 
p lectrode 21 of a transluc ncy, while pr v nting peeling of th p lectrod 21, th wir -bonding position is clarrfi d again. 
Mor ov r, if a pad I ctrod is in p lectrod 21 c nt r section, bonding positioning at the tim fwir bonding will bee m 

asy, and th lem nt yi Id will improve. 
[0024] A differ nt plac fr m the t chnology in which th 1st mod f this inv nti n manufactur s th substrat of th 
conv ntional GaN is I cat d in th place which forms to a barri r lay r and p type layer, pr duces th structure of th 
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I m nt its If after growing up n type lay r. and r mov s a substrat after that. Thus, th mass-production nature of an 
elem nt becomes good by making to lement structur , without taking out th nitrid semiconductor grown up at once from 
a reaction c ntainer. Mor over, in rd r not to take out a substrate from a r action contain r until I m nt structur is 
don , oxidization of th substrat of the nitrid semiconductor growth sid by touching air and transformation can b 
pr vent d. 

[0025] Drawing 2 (f) - (j) is th type s ction view showing the partial structur of the wafer obtain d in each process of the 

2nd mod of this inv ntion. Th 2nd mode of this inv ntion is xplain d based on these drawings. 

[0026] The substrate 10 shown in drawing 2 (f) consists of a spinel. In the 2nd mode, a substrat n eds to be a spin I. 

B caus , unlik the 1 st mode, since th 2nd mode grows up n type layer on a substrat 1 0, it remov s a substrate. 

Th refore, in cas the dir ction into which n typ lay r of singl composition is grown up by the thick film moves n typ 

lay r in a reaction container again and performs a crystal growth at the elevated temperature of 1000 degrees C or more, it 

is d sirable in order to prevent physical deformation like the curvature of the crystal injury on the crack of n type layer, a 

chip, etc., and n type layer. In order to grow up n type layer of single composition by the thick film, what a spinel substrate 

is the easiest to grow up is as the 1 st mode having described. 

[0027] A buffer layer 11 is grown up in contact with this spinel substrate 10. Especially the buffer layer 11 does not replace 
the 1st mode. 

[0028] Next, in contact with this buffer layer 1 1, n type layer 1 is grown up by thickness 20 micrometers or more. As for 
this n type layer 1, in the 2nd mode, it is desirable single nitride semiconductor composition and to make it grow up by 
thickness 20 micrometers or more by GaN preferably. Furthermore, it is preferably desirable [ the thickness of n type 
lay r ] in the 2nd mode to make it grow up by thickness 1 20 micrometers or more most preferably 1 00 micrometers or 
more still more preferably 50 micrometers or more. This removes a substrate 10 after n type layer 1 growth, produces 
independent n type layer used as a new substrate, and performs a crystal growth at an elevated temperature on this n typ 
layer further. Since it will be divided during growth or will curve if n type layer used as a substrate is thin, there is a 
possibility that the laminating of the nitride semiconductor layer of uniform thickness cannot be carried out. Therefor , as 
for n type layer 1, in the 2nd mode, it is desirable to make it grow up more thickly than the 1st mode. 
[0029] Moreover, the 2nd mode as well as the 1st mode dopes donor impurities, such as Si, germanium, and Sn, in n typ 
lay r 1. When it is desirable to grow up n type layer which adjusted carrier concentration, it dopes a donor impurity and 
carri r concentration is adjusted. As for the carrier concentration of n type layer 1, it is desirable to enlarge carrier 
concentration of the side close to the buffer layer 1 1, and to make small carrier concentration of the side which is 
separat d from a buffer layer 1 1. 

[0030] Next a wafer is picked out from a reaction container after n type layer 1 growth, and meanses, such as polish and 
etching, remove a substrate 10, as shown in drawing 2 (h). By removing a substrate, the wafer which consists of an n typ 
iay r 1 which the 1st principal piane and 2nd principal piane exposed is producible. Moreover, drawing 2 (h) of this cause is 
the sam as that of the 1st mode, although the buffer layer 1 1 is removed similarly. 

[0031] Furthermore, in the 2nd mode, it is desirable after substrate 10 removal to make into the shape of a mirror plan th 
front fac of n type layer 1 into which it is going to grow up the nitride semiconductor layer which has other conductivity 
typ s. Although there are polish besides chemical etching and a physical etching means like dry etching in order to consider 
as th shape of a mirror plane, like a sulfuric-acid + phosphoric acid, and since danger is also high, polish is the most 
d sirabl [ a solvent ]. [ the solvent which can etch a nitride semiconductor ] Thus, by making one field of the n type lay rs 
1 into th shape of a mirror plane, the nitride semiconductor to which the field direction was equal can be grown up. 
[0032] Next as shown in drawing 2 (i). the laminating of a barrier layer 2, p type clad layer 3, and the p type contact lay r 4 
is carried out to order on the front face of n type layer 1. The same thing as the barrier layer stated in the 1st mode of a 
barrier layer 2 is the most desirable. Moreover, you may grow up other layers which consist of an n type nitride 
semiconductor which has different composition from n type layer 1 between a barrier layer 2 and n type layer 1. It is the 
sam as the 1 st mode also about p type clad layer 3 and p type contact layer 4, and if needed, as long as it is on a barrier 
lay r, you may insert in a layer of what p type layer which has different composition. 

[0033] Although the nitride semiconductor chip structure started in the shape of a chip from the wafer of (i) is not shown 
and esp cially the operation effect of the translucency electrode 21 and the pad electrode 22 does not differ from th 1st 
mod , th point that this chip differs from the chip of drawing 1 (e) has drawing 2 (h) in the place which is ♦***»»4u»**ing n 
typ lay r 1 under a barrier layer 2. That is, between the etching slot which was made to expose n type layer which 
»isMc**a| c** **s p type layer and is under a barrier layer 2 t and was exposed, and the etching slot a wafer is cut and it is 
made the letter of a chip. This operation is as follows. According to this invention, since a substrate serves as a nitride 
semiconductor, the cleavage of the nitride semiconductor can be carried out However, the nitride semiconductor is difficult 
for making all into the rectangular letter of a chip by the cleavage because of the crystal form called hexagonal system. 
Therefor , one of fields cannot but take cutting means, such as dicing. Since a nitride semiconductor has the very hard 
property of a crystal, if a dicing end face is missing when dicing is carried out. and it becomes easy to generate a crack tc. 
and such a crystal defect occurs especially in the end face of a barrier layer, the reliability of the element itself will fall. 
Therefor , since the edge of a blade at the time of dicing can be prevented from touching a barrier-layer end face by 
* 5 WsW=*****ing to n type layer below a barrier layer, the reliability of an element improves. This configuration of 0) is 
applicabl similarly in the 1st mode. 
[0034] 

[Example] Although how to grow up a nitrid semiconductor by the MOCVD method is d scribed h r after, the m thod of 

this inv ntion is applicable to all th methods by which the conventional proposal is made in ord r to grow up nitrid 

s miconductors, such as not only MOCVD but MBE, HDVPE, etc. Moreov r, about lement structure, only the typical Light 

Emitting Diode lement and LD elem nt ar d scrib d, and structur is not limited to this exampl , ither. 

[0035] [Example 1] (th 1st mode) 

h carri s out based on drawing 1 , and the 1st mod of this inv ntion is explain d (11 1) Passing hydrogen, after setting the 
spinel substrat 10 (MgAI 204) which makes a fi Id a growth sid in a r action contain r and r placing the inside of a 
reaction contain r enough fr m hydrogea rais the temp ratur of a substrate t 1050 degre s C, and cl an a substrate. 
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[0036] Th n, t mp ratur is lowered to 510 degr es C, hydrog n is us d for carrier gas, ammonia and TMG 
(trihiethylgallium) ar used for material gas, and the buffer lay r 11 which consists of GaN on a spinel substrate is grown up 
by about 200A thickn ss. AIN, GaN, AIGaN, etc. ar 900 d gre s C or I ss in temp ratur , and can form a buffer layer by 
the 10A - hundr ds of A thickness number. It is also possibl to omit dep nding on th growth m thod of a nitrid 
s miconductor, although it is formed in order that this buff r lay r may eas th lattic constant injustice of a substrat 
and a nitrid s miconductor. 

[0037] Only TMG is stopp d after buff Hay r 11 growth, and t mperatur is raised to 1030 d grees C. If it becom s 1030 
d gre s C, similarly, TMG and ammonia gas will b us d for material gas, silane gas will b used for dopant gas, and as 
shown in drawing 1 (b), an Si dope n typ GaN layer will be grown up by 100-microm t r thickn ss as an n typ contact 
lay r 1. n typ contact lay r 1 makes the following 50 micromet rs n- of low carrier concentration for 50 microm ters of 
th b ginning as n+ of high carrier concentration. By being able to constitute n type contact layer from InXAIYGa1-X-YN (0 
<=X, 0<=Y, X+Y<=1), and constituting from GaN, InGaN. and GaN that doped Si also in it especially, n type layer with high 
carrier concentration is obtained, and a negative electrode and desirable ohmic contact are obtained. OMIKKU with a metal 
or alloys desirable as a material of a negative electrode, such as aluminum, Ti, W, Cu, Zn, Sn, and In, is obtained. 
[0038] N xt, TMG, TMI, and ammonia are used for material gas, temperature is held at 800 degrees C, and the barrier layer 
2 which consists of single quantum well structure (SQW) which consists of non dope In0.2Ga0.8N is grown up by 30A 
thickness. If it is the single quantum well structure or multiplex quantum well structure containing the well layer which 
consists a barrier layer 2 of InGaN, the high power light emitting device for about 365nm - 660nm is realizable by 
luminesc nee between quantum level. It is desirable to adjust a well layer to 70A or less, and to ac(just a barrier layer to th 
thickness of 150A or less with multiplex quantum well structure. It is desirable to adjust to thickness 70A or less with singl 
quantum we!! structure on the other hand. 

[0039] Next, temperature is raised at 1050 degrees C and p type clad layer 3 which consists of Mg dope p type 
aluminum0.2Ga0.8N is grown up by 0.5-micrometer thickness. As for the p type clad layer grown up in contact with a 
barrier layer, it is desirable the nitride semiconductor containing aluminum and to grow up AIGaN preferably. Although a p 
typ crystal is obtained by being able to mention II group elements, such as Mg, Zn, and Cd, as acceptor impurity for making 
it p typ , and doping such acceptor impurity during nitride semiconductor growth, annealing of the crystal which doped th 
acceptor impurity after growth preferably is carried out, and still more desirable p type is obtained by removing the 
hydrog n combined with acceptor impurity out of a crystal. 

[0040] N xt, p type contact layer 4 which consists of Mg dope p type GaN at 1050 degrees C is grown up by 0.5- 
microm ter thickness. The cross section after growth is drawing 1 (c). p type contact layer 4 can be constituted from p 
typ InXAIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1), especially if InGaN, GaN, and p type GaN that doped Mg also in it, p type 
lay r with the highest carrier concentration will be obtained, and a positive electrode and good ohmic contact will be 
obtained. OMIKKU is easy to obtain a metai or aiioys with a comparatively high work function, such as nickel, Pd, Ir, Rh, Pt, 
Ag, and Au, as a material of a positive electrode. 

[0041] A wafer is picked out from a reaction container after a reaction end, the spinel substrate 10 of the side into which 
the nitride semiconductor is not grown up using a grinder is wrapped, and as shown in drawing 1 (d), the spinel substrate 10 
and a buffer layer 1 1 are removed After buffer-layer removal, n type contact layer 1 by the side of a buffer layer is 
polished further, and it considers as the shape of a mirror plane. 

[0042] Next, the wrapped wafer is transported to annealing equipment, and 1000-degree C annealing is performed in 
ammonia atmosphere. This annealing has the operation which prepares the crystaJlinity of the whole crystal by carrying out 
below 300 degrees C or more and 1200 degrees C, and carrying out in atmosphere including sources of N, such as ammonia 
and nitrogen. 

[0043] After annealing and in annealing equipment it is among the atmosphere which does not contain H (nitrogen-gas- 
atmosphere mind), annealing is shortly, performed at 700 degrees C, and p type layer is further formed into low resistanc . 
By carrying out in the atmosphere which does not usually contain H above 400 degrees C, this annealing removes the 
hydrogen combined with acceptor impurity out of a crystal, and has the operation which forms p type layer into low 
r sistanc further. 

[0044] After annealing, mostly, the n electrode 20 of the front face of n type contact layer 1 which polished which contains 
Ti and aluminum on the whole surface is formed by 2-micrometer thickness, and, on the other hand, the p electrode 21 of 
th translucency of p type contact layer 4 which contains nickel and Au on the whole surface is formed by 100A thickness. 
In ord r to obtain desirable ohmic contact on the front face of p type contact layer 4, as for electrode thickness, it is . 
desirabl to make it 1000A or less and to make it a translucency. That is because hydrogen secedes from p type layer 
through a translucency electrode and low-resists p type layer further at the time of electrode annealing. Next, focusing on 
th simultaneously of the p electrode 20, the pad electrode 22 of 2 micrometers of thickness is formed. 
[0045] The cleavage of the nitride semiconductor wafer is carried out after the above process end using the cleavage 
nature of n type contact layer 1, and it considers as the Light Emitting Diode element of 250-micrometer angle. This Light 
Emitting Diode element has n electrode and p electrode which counter up and down, and is a forward current. Of) In 20mA, 
forward voltage (Vf)3.5V, 5mW of radiant power outputs, and the outstanding property were shown. 

[0046] In the [example 2] example 1, the buffer layer which a sapphire (0001) side is used for a substrate, and also consists 
of GaN on silicon on sapphire like an example 1 is formed by 200A thickness. 

[0047] Next, 5 microm ters of Si dope n typ GaN layers ar grown up on this buffer layer. Next, temperatur is mad into 
800 d gr s C and 500A Si dope n mold In0.1Ga0.9N lay r is grown up on an Si dop n type GaN lay r. Next, similarly 5 
microm t rs of Si dop n typ GaN(s) are grown up, and 500A of Si dop n typ In0.1 Ga0.9Ns is gr wn up further. This 
op ration is rep ated 1 6 times and n typ c ntact layer of th 60.6 micr m t rs f th total thickness is grown up. It is a 
forward curr nt wh n th Light Emitting Diode el m nt was produc d lik th xampl 1 aft r this. (If) In 20mA, th y w r 
forward voltage (Vf)4V and 2mW of radiant pow r outputs. 
[0048] [Exampl 3] (th 2nd mode) 

It carries out based on drawing 2 . and th 2nd mod of this inv ntion is xplained The spinel substrat 10 (MgAI 204) 
which mak s a field (1 1 1) a gr wth side is clean d lik an xample 1, the buff r layer 1 1 which c nsists of GaN on the 
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spin I substrat 10 is grown up by 200A thickness, and an Si dope^n typ GaN lay r is grown up by 100-microm t r 
thickness as an n typ contact layer 1 equipp d with n+ and rHayer on this buff r layer. Drawing 2 (g) 
[0049] A waf r is picked out fr mar action container aft r growth, and th spinel substrat 10 of th sid into which the 
nitride semiconductor is not grown up using a grind r is wrapp d, and as shown in drawing 2 (h), th spin I substrat 10 and 
a buff r lay r 1 1 ar removed, and it considers as n typ contact layer 1 wafer. Furthermor . n typ contact lay r sid by 
the sid f low carrier concentration (n-) is polish d f and it considers as the shape of a mirror plan . 

[0050] n type contact layer substrat is transport d to a r action contain r aft r polishing, and 1000-degre C annealing is 
p rformed in ammonia atmosphere. In addition, n type contact lay r side by the side of th low carri r concentration mad 
into th shape of a mirror plan is mad into the growth side of a nitride semiconductor. 

[0051] N xt, th barrier lay r 2 of SQW structur is grown up into th front fac of n type contact layer 1 which polished 
lik the xample 1 by 30A thickness, p type clad layer 3 which consists of Mg dope p type aluminum0.2Ga0.8N on the 
barrier layer is grown up by 0.5-micrometer thickness, and p type contact layer 4 which consists of Mg dope p type GaN is 
grown up by 0.5-micrometer thickness. The cross section after growth is drawing 2 (i). Moreover, before growing up a 
barri r layer 2, the buffer layer which becomes the front face of n type contact layer 1 from GaN, InGaN, and AIGaN can 
also b grown up. 

[0052] Annealing is performed at 700 degrees C among the atmosphere, for example, atmosphere, such as nitrogen and Ar, 
which does not contain H after a reaction end and in a reaction container, and p type layer is further formed into low 
resistance. 

[0053] A wafer is picked out from a reaction container after annealing, RIE (reactive ion etching) etching is performed in a 
grid pattern by width of face of 10 micrometers from p type contact layer 4 side, and as shown in drawing 2 (h), the flat 
surface of n type contact layer is exposed. 

[0054] Next, like an example 1, the n electrode 20 of the front face of n type contact layer 1 into which the nitride 
semiconductor is not grown up which contains Ti and aluminum on the whole surface is formed by 2^micrometer thickn ss, 
th p I ctrode 21 of the translucency of p type contact layer 4 which contains nickel and Au on the whole surface is 
form d by 100A thickness, and, on the other hand, the pad electrode 22 of 2 micrometers of thickness is mostly form d in 
th cent r of a simultaneously of the p electrode 20. 

[0055] A nitride semiconductor wafer is cut after the above process end using a dicer between an etching slot and an 
tching slot, and it considers as the light emitting device of 350-micrometer angle. This light emitting device also has n 
electrod and p electrode which counter up and down, and showed Vf3.5V, 5mW of radiant power outputs, and the 
outstanding property in If 20m A. 

[0056] [Example 4] drawing 3 is the typical cross section showing the structure of the laser element obtained by the 
method of this invention, and shows drawing at the time of specifically cutting an element in a direction perpendicular to 
the resonance direction of a laser beam. Hereafter, how to manufacture LD by the method of this invention based on 
drawing 3 is described 

[0057] In an example 3, the spinel substrate 10 and a buffer layer 1 1 are removed, after installing n type contact layer 1 
wafer which consists of an Si dope GaN of 100 micrometers of thickness which polished the growth side in a reaction 
container, temperature is made into 800 degrees C, silane gas is used for TMG, TMI (trimethylindium), ammonia, and 
impurity gas at material gas, and the crack prevention layer 101 which consists of Si dope In0.1Ga0.9N is grown up by 500A 
thickness. The n type nitride semiconductor containing In, and by making it grow up by InGaN preferably, it becomes 
possible to grow up 1st n type nitride semiconductor layer 102 containing aluminum grown up into a degree of this crack 
prevention layer 101 by the thick film, and it is very desirable. In the case of LD, it is necessary to grow up an optical 
confinement layer and the becoming layer by thickness 0.1 micrometers or more preferably. Although element production 
was difficult in the former since the crack went into AIGaN grown up later when AIGaN of a thick film was directly grown up 
on GaN and the AIGaN layer, it can prevent that a crack goes into 1st n type nitride semiconductor layer 102 in which this 
crack pr vention layer 101 contains aluminum grown up into a degree. In addition, as for this crack prevention layer, it is 
desirable to make it grow up by thickness (100A or more and 0.5 micrometers or less). If thinner than 100A, it will be hard 
to act as crack prevention as mentioned above, and when thicker than 0.5 micrometers, it is in the inclination for the 
crystal itself to be discolored in black. In addition, this crack prevention layer 101 is also omissible depending on the 
conditions of the growth method, growth equipment, etc. 

[0058] Next, temperature is made into 1030 degrees C, TMA (trimethylaluminum), TMG, NH3, and SiH4 are used for 
material gas, and 1st n type nitride semiconductor layer 102 which consists of Si dope n type aluminum0.2Ga0.8N is grown 
up by 0.5-micrometer thickness. As for this 1st n type nitride semiconductor layer 102, it is desirable the nitride 
semiconductor which acts as a carrier confining layer and an optical confinement layer, and contains aluminum as 
mention d above, and to grow up AIGaN preferably, and it can form a crystalline good carrier confining layer by growing up 
still mor preferably 100A or more 2 micrometers or less by 500A or more and 1 micrometer or less. 

[0059] Temperature is lowered to 800 degrees C and 2nd n type nitride semiconductor layer 103 which consists of Si dope 
n typ GaN is grown up by 0.2-micrometer thickness. As for this 2nd n type nitride semiconductor layer, it is desirabl to 
act as a light-guide layer and to grow up GaN and InGaN, and it is usually desirable to make it grow up by 200A - 1 
microm ter thickness still more preferably 100A - 5 micrometers. 

[0060] Next, the barrier layer into which TMG, TMI and ammonia are used for material gas, and a barrier layer 2 is grown up 
holds temp rature at 800 d gre s C. and grows up th well layer which consists f non dop InO.2GaO.8N first by 25A 
thickness. Next, th barrier layer which consists of non dop In0.01 Ga0.95N at th same temp rature only by changing th 
mol ratio of TMI is grown up by 50A thickness. This op ration is r peat d twice and th barri r layer 2 of the multipl x 
quantum well structur which carried out th laminating of the well lay r to th last is gr wn up. 

[0061] N xt, t mperature is rais d to 1050 d gre s C and 1st p type nitrid semiconductor layer 104 which bandgap en rgy 
becom s from a barrier layer from larg Mg dop p typ aluminum0.1Ga0.9N is gr wn up by 300A thickn ss using TMG, 
TMA, NH3, and Cp2Mg (magnesium cyclop ntadi nyl). Although this 1st p type nitrid s miconduct r layer 104 is g od also 
as an i typ with which n typ impurity was dop d and th carri r was comp nsated sine thickness was thin aith ugh 
c nsider d as p type in this example, let it b p typ m stpr ferably. 0.1 micr m ters or I ss f 500A or I ss of thickness 
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of 1st p typ nitrid s miconductor lay r 104 ar most pr ferably adjust d to 300A or I ss still mor pref rably. Wh n it is 
mad to grow Up by thickn ss thick r than 0.1 microm ters. it is the shell a crack becom s easy to enter int the 1st 
nitride s miconductor layer, and a crystallin good nitride semiconductor lay r cannot grow up to be asily. It b com s 
impossibl mor ov r t for a carrier to pass this n rgy barrier by th tunnel effect Mor over, if AIGaN with th larg r 
composition ratio of aluminum forms thinly, it will b come easy to oscillat LD elem nt. For xampl , if Y valu s ar 0.2 or 
more AIYGal-YN(s), aajusting to 500A or less is desirabl . Although specially the minimum of the thickness of th 1 st 
nitride semiconductor layer 104 does not limit, it is desirable to form by thickness 10A or mor . 

[0062] Then, 2nd p typ nitrid semiconductor lay r 105 which bandgap n rgy bee mes from Mg dop p type GaN small r 
than 1st p typ nitrid semiconductor lay r 104 at 1050 degrees C is grown up by 0.2-microm ter thickn ss. As for this 
layer, it is desirable to act as a light-guid layer and to mak it grow up by GaN and InGaN as well as 2nd n typ nitride 
s miconductor 103. Moreover, this layer acts as a desirable light-guide layer by acting also as a buffer layer at the time of 
growing up 3rd p type nitride semiconductor layer 106, and growing up 100A -5 micrometers by 200A - 1 micrometer 
thickn ss still more preferably. 

[0063] Then, 3rd p type nitride semiconductor layer 106 which bandgap energy becomes from larger Mg dope p type 
aluminum0.2Ga0.8N than the 2nd nitride semiconductor layer 105 at 1050 degrees C is grown up by 0.5-micrometer 
thickn ss. As well as 1st n type nitride semiconductor layer 102, as for this layer, it is desirable the nitride semiconductor 
which acts as a carrier confining layer and an optical confinement layer, and contains aluminum, and to grow up AIGaN 
pr ferably, and it can form a crystalline good carrier confining layer by growing up still more preferably 100A or more 2 
micrometers or less by 500A or more and 1 micrometer or less. 

[0064] In the case of the barrier layer which has the well layer which consists of InGaN like this example, the barrier lay r is 
touched. 1st p type nitride semiconductor layer 104 containing aluminum of 0.1 micrometers or less of thickness is formed. 
2nd p type nitride semiconductor layer 105 with BADDO gap energy smaller than 1st p type nitride semiconductor lay r is 
formed in the position which is distant from a barrier layer from the p type nitride semiconductor layer. It is very mor 
d sirable than the 2nd p type nitride semiconductor layer 105 to form 3rd p type nitride semiconductor layer 106 which 
consists of a nitride semiconductor containing aluminum with a larger band gap than 2nd p type nitride semiconductor lay r 
in the position distant from the barrier layer. And since the thickness of this 1st p type nitride semiconductor layer 104 is 
thinly set up with 0.1 micrometers or less, the electron hole which did not act as barrier of a carrier and was poured in from 
p layers can pass through 1st p type nitride semiconductor layer by the tunnel effect, and recombines efficiently by the 
barrier layer, and the output of LD improves. That is, since a carrier does not overflow a barrier layer but it is prevented in 
1 st p type nitride semiconductor layer 1 04 whether the temperature of a semiconductor device rises since the poured-in 
carrier has the large bandgap energy of 1st p type nitride semiconductor layer 104, or inrush current density increases or, a 
carrier accumulates in a barrier layer and becomes possible [ emitting light efficiently ]. Therefore, since it is rare for 
luminous efficiency to fall even if a semiconductor device carries out a temperature rise, low LD of a threshold current is 
r alizabl . 

[0065] Finally, p type contact layer 4 which consists of Mg dope p type GaN at 1050 degrees C on 3rd p type nitride 
s miconductor layer 106 is grown up by 0.5-micrometer thickness. 

[0066] After a reaction end, temperature is lowered to a room temperature, a wafer is picked out from a reaction container, 
annealing of a wafer is performed at 700 degrees C, and p type layer is further formed into low resistance. 
[0067] p type contact layer 4 of the best layer and 3rd p type nitride semiconductor layer 1 06 are ********tted by RIE 
aft r annealing, and it considers as the ridge configuration which has stripe width of face of 2 micrometers. Thus, by making 
into a stripe-like ridge configuration p type layer which exists above a barrier layer, luminescence of a barrier layer com s 
to concentrate on the bottom of a stripe ridge, and a threshold falls. And as shown in drawing 3 , the p electrode 21 which 
consists of nickel and Au is formed in the front face of p type contact layer 4 in the shape of a stripe. In addition, esp cially 
since the p electrode 21 is a laser element, it is not necessary to make it into a translucency; On the other hand, the n 
electrod 20 which consists of Ti and aluminum is formed all over the simultaneously of n type contact layer 1 of the side 
which does not form the nitride semiconductor layer. 

[0068] N xt, the cleavage of the wafer is carried out to the shape of a bar in a direction perpendicular to a stripe-like 
electrode, and a resonator is produced to a cleavage plane. Since a substrate is GaN, a resonator is easily producible using 
th cleavage nature of GaN. In this case, a cleavage plane is [External Character 1] of a nitride semiconductor. 

Ci loo) 

It considers as a field. Outside, in the 1st page, when a nitride semiconductor is approximated by the hexagonal system of a 
right h xagonal prism, it is a field equivalent to the field (Mth page) of the square equivalent to the side of the hexagonal 
prism. In addition, an end face is **********ed by dry etching meanses, such as RIE, and a resonator can also be produc d. 
Moreover, it is also possible to carry out mirror polishing of the cleavage plane, and to create it in addition to this. 
[0069] The dielectric multilayer which consists of Si02 and Ti02 was formed in the resonator side after the cleavage, and 
finally, in the direction parallel to p electrode, the bar was cut and it considered as the laser chip. Next, the chip was 
install d in the heat sink by the face down (state to which =p electrode countered the heat sink), and when laser oscillation 
was tried in ordinary temperature, continuous oscillation with an oscillation wavelength of 400nm was checked by threshold 
current density 2 kA/cm2. thus, since face down bonding can be performed to preparation if GaN is used as a substrat , 
the th rmolysis nature of a chip is mark dly alike, and improves, and th continuous oscillation of it becomes possible 
[0070] 

[Eff ct of the Invention] Sine th lement which used th gallium-nitrid syst m compound s miconductor as th 
substrat can be manufactur d according.to th m thod of this inv nti n as xplained abov , ven if it do s not consid r 
as the structur which took out two kinds of el ctrod s from th sam fi Id side lik befor , it can consid r as th 
el ctrod structur which countered in th vertical direction, sine a chip size can furthermore also b made small and the 
number of chip ** persons from the waf r of singl ar a incr as s, can be fallen Moreover, since GaN is a 

substrat , in the devic which n eds th r sonance sid near a mirror plane lik LD, a resonance sid can b asily 
produc d by th cl avag of GaN, and the utility value n th industry is v ry large. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This docum nt has be n translated by comput r. So th translation may not r fleet th original precisely. 
2.**** shows the word which can not be translat d. 
3.1n th drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Bri f Description of the Drawings] 

[Drawing 1] The type section view showing the structure of the wafer for explaining each process of the 1st mode of this 
inv ntion. 

[Drawing 2] The type section view showing the structure of the wafer for explaining each process of the 2nd mode of this 
invention. 

[ Dra wing 3] The type section view showing the structure of the laser element obtained by the method of this inventioa 
[D script ion of Notations] 

1 ... n type contact layer 

2 ... Barrier layer 

3 ... p type clad layer 

4 ... p type contact layer 

10 ... Substrate 

1 1 ... Buffer layer 

20 ... n lectrode 

21 ... p lectrode 

22 ... Pad electrode 



[Translation done.] 
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u ^<^*iifi!i££ii:^#ffl^T-T~-y v^-r 

& 2 0 ai m« n £! 

nli4****li»l::'>'!i:<t'b; T^-feT"^-^ 

Sit Sr.#« 4 * fell 5 teBBftoSMk** 

7 ] me n a^-fb^^flcs i± P mmm* 
mtt.vo*mm>hmtiitm<D*v y rjg«sr*# < 1-5 

[000 1] 

K) s L D (U— if^-f *"-K) ^O^&fty^W*, * 
i^^fr ( I nxA 1 ,G a »- x -yN\ 0 ^X. 0 gY, X+ 
[0 0 0 2] 

3. 5%t>£ti:z,-9-7T'{Tm&.±\zmmzf8.LtLWg 

G a Nco/^^^a^Sr^Si-S^d^HW^P^^iJ 
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Stt 12 0 O'CfiLh, 1 73'%&&<±<01&1MMBt%W%.'t' 

[0 0 0 3] ^U^Hl^ftlJliSGa NSS«ft' 
&Wc«>, GaN»«S:at«i:i-aft^W*.tf»BI¥ 
8- 1 1 6 0 9 0-g-f^£;ft,-CV^o Z<D&.ffi\Z3:.Z> . 
<fcx GaAs^ Ga P> I'n P, Si ^OS^iM, 
•777i^LTGa NSr5 0 — 2 0 0 n m<DmmT'B 

10 $fc*UC» aSbfcGa NScD±(cSf/clwnMS, P 

[0 0 0 4] £fe mWW-7- 1 6 5 4 9 8 -5§-te 

»«<Z>Ji^y7rJg'i:GaN^ H f ISiSr«l5ig 

"C*J>3, #«3p7-2 0 2 2 6 5ft(lt7r-l'TSfi 

m±.\^W-W<r>G a NSrjfcft ZnOSrSSIIi 

^S^-CV^o $ #SB¥7-9 4 7 8 4^-(c(iG 

[0 0 0 5] 

J»#£j&g£*57t£>OG a N£«fc8\ #<* ©feflfjjs 
tfe^Sfr-CVSas. r(5GaNS:S«i:Lfcttt*f 

flG a NSr3fcEfc*i-5*a^W ^StS^-SrfBfrTS 

[0 0 0 6] ttot,- *»B©lttf:t5tC%li, £ 
30 i 9 57^ ^*^Sr»36^-5 fcfcfc 9 . 

[0 0 0 7] 

^ssit^fett 2 «n<7>.«ms#> b * , m i omhr 

5. ) £2 0 /im«_h<DMJ^T-^;«$*^xat, 

t»^t^/uS«(7) (111) ®Sr^b^^(D^ftpi 
[0 0 0 8] 1 <Oflg«-C-i4, T^ir^-T 

^ffl^^T-r^-y ^^-t-^xasr^tfit^mt-t- 



3 

ry^r, tK7v f v^fflv v 3oot;~i2 0o'C 
mrfsNair=-y ^^(rit?, T ?-ty#— ^motm 

^■bfcHSr'ttft , t»J:l>Bt*U T**:>**-*IMfc* K 
- y U fc^4fe¥^#:JS S: $ b frtelfi^t^-f- 5 * l-t? 
$,5. r ot=- !) y/{> 4 o o tetl-eff 5 : i 
£bv\ 10 

. [ooo9] titi*¥£w<Dm2<Dmmn, xv^wr 

[ooio] *B©BI*3ifcJ3V^-c," *K±lfi5jES; 
ZnO«©/^/7rl*j5lSS-fr, S^y7rSi:St 

5. 2 0m mK±©Kff«> n MM *Bj*0)£fl:»i|* 

t^hO^yyym. ills SttJfK^UTT 30 
[00 11] #3PJ<7?fg2<59f8MS|-ei4, nil 

[0012] £fc;£^<Dffi2<asirm, tfrfs&K&fe 

t§r^mi:i--5o g«§fc*3Hw, gpftjU^tf 40 
fc, 7y^-7, t K7^V«?S:fflV^3 0 0*C~1 2 0 

ot:co#H«^-c-T=-y>^i-5ri:^a*ui\ * 
^^^v^ffl^+T-r^-y ^-rs^i*, s& i <omm 

*sN»flcJlSrSfe^«ttStlci-5fc«>-C*>»»» 400t 50 
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<o=Sf * y 7t«4^f < i"5 C t SrW»ti-«. 
[0 0 13] 

[*9!©3l*0>?g*]-Bl (a) ~ (e) (4, 

[ooi4] mk®*m#<Df8.&3]ik\±mzmi£-i-?> t> 

©T?tt4 < , H*.tfMO V P E (**^S«tifi£ft 
ft) , -HDVPE (A7/f K*Hj**ifc) . MB E (# 

#> \zmm & 'v * -s ^> a *jfe«saiffl -e# . 

[0015101 ( a ) K*5^T 1 0 ttS«T'$>5 0 

fl;*#**H:*i'coa6«i 0©±fcriS«**5. mi 
©if-ClilSlOCft, t7r^7, ^f^/K S i 
C, GaAs, Si, Z n 0^rc>*«75S^ffl-e# 3 

ISEbT, *-«J*<Oftfl:*^*flcSr 2 0 M mSl±<Dmm 

■e^SS-fsrtm^, b*»t>^f^KO (li. 

itt^««:^flSt*Mt#5„ fe*3*SAtt<z>AUS 
U4 2lSft«fcX*n y *vj/*-^oa|Hi[«S:aiJE-r5 
w k J: •? «»f -e# , *<»*®.m& 2 0 0 8>£TF, $ h 

fc#*U<tt:l 5 0S>«T> L<iil OOmX 

T<of£$ktmh*i*it£. *<K>mim*m#m&tnr 7 * 

v»tv-'«5#»^fc5o Mttft77^7 > S iCfroS 
«lrGaNSrl 0 » mU±(DmmX'&.&-r Z> t ? 7 V Z 

[0 0 16] C«3SSl0Cf LT/n'5-7 711 

lSr^«$-frS. As'7 7lllliMitfAlN > Al 
GaN, GaN, I n G a N^OtftWlM 2 0 0 
■C-9 0 0*C<D<SJa-^fiR*S*5. "y7rll 114* 
«l 0 t/-? 5 '77S©*CMS*5tft«i i i^*i:© 

77ill tta«, n llroi»«ttS:*-f . 
[0 0 17] ^btC (b) /^77ll 
Hc^bT, ti if 1 Sr 2 0 m mK±©gff T*^« 
S-. nSJil.r4^y7rJiJ:9'b3IB!a-ej*ftS-tt-5. n 

i&\±Ga NttSI £75511* GaNttlnfK 



5 

ni^S:aiLt2 0;im£i±tt5ii:'bTt5 o m 
7 rJfl 1 WltGa N&5 MraJEfcg^it, *r 
©JilIInGaNSrO. l/*m, £ t> fcG a N£r 5 n m 

9 K<^nSJl&J&*$i£S;i 5„ **5, mt 

rt^g^uv\ ft**, niii«)Sffii2 0MmK 

±, $ U< »i 5 0 /zmEU:, St>iJ4U<f±l 

0 0 /im«±<DBIi¥ £-£5. 2 0 ,zm.fc 9 h'J>t£ 

[0 0 18J K-?— 3Fi«*SrK-^b-rdf-vyr»acSr 
nlii©^9 7i8Stt^7rfii 

1 te«BEUfcfll©*-r y Tjg*£*#< U — *»cKfi8 
S£-fr5St£Jf 2 •c*5£Lfc«W*Y y.TSSS:/hS < 

MS 1 ttfcntttt&Tgjft UfeBR©** y 7ttAS!l$iS|6l 

[0 0 19] &IE (c) »C*i-i5iEnlUi.lfcljfU-C 
StiJl 2 3 „ nSiE«LT«t5gttS 

I2ttln fr&trB.fflh****. 9 fc<5#Wi*#trJ: 
5 U U < tt=7E«*«> InGa-Ni945 

'#FS;4 s a£ LV\, H5E^lf B W 1 n G a NttfflTEigiftO 

W#Fil.fc 9 45*- fl^#F«it (S QW : Single- 
quantum- we 11) t-TS. LD*^-Srf^fiii-5^ 
-g-lcfi, St±JI£r I nGaNiO^HIi^ #FJS 
i IP t> /< V K¥ y 7<D V ^ft^tttit*** i 9 tt Z> m 

mjgtzmmvti&mm*#wmm (mqw : Muiti - q 

uantum-well) tt5o KUB t> I^I£H.7G*Shb<£> I n 
x> G a ^x- N- (OSX'<h X' <X) t>m& U< , #F 
+«®+#F+ • • -+I*fi+#F (-tOST^t^) t 

SSrl nGaN!:«iLfcMQWtt2.!:, M+mtiLffl 
%7fe-Ci^3 6 5 nm~6 6 0 nmP^T-cOiSaj^ftLDS; 
HSU'S 5. £ h\Z. ^FiWlClnGa. 

Nxyttzmmm&mmi-zk. inGaNi545B 
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KI«A I GaNOf JSrff<T'#5rot*u-f« 
tg*SJ£f|-et3. 1 nGa NirA I GaNtt? 

tt*6ft<0J**iltf#»fc3. MOVPEfeT'ft 
1 nGa N»±6 0 O'C—S 0 0*CT*/£;S £-fr-5 Wl'ttL 

•C, a I GaNii? o 0X^£ 9S5v^S.ST-/&g£-tir5o 

ftoT, UGaN±5 45#FI^SS*fc«, A 
I G a N± 9 fraHtffllSrj***** 5 £-fKtf, 

fcflfc* Z-ttfZ 1 n G a N#FI^M UT U£ 5 ©t?* 
10 *ttoftv^#F*S:»5C4:ttJlLV^ ^WFi« 
mmtete+jr^fx Kn-A < , i»«o#FS# 

U KifblnGaNttSt, #FJV.£Pt£JI#*l5l 

— aflf-ejiMfes 5. «fo-c, $fcK7£j£Ufc#FB*s# 

^-^feS/iiS, tet-#FJiS: l nG a N, WcgJi£G a 
N v A I Ga NOi 5t£#FJf.fc 9 (S»^g K=? 

20 V \ I n G a N#ltf#F«j|, * U < l4*-ft^F# 
F#5tW«i4Sl4> I n G a N#FJ»«OjB^F*&-K J: 
tp-etS I n y y^W^/^— ^X^i/-YA-#FJf 

cofc*, yr^i o~7 o^->-^ ha— ^Bae, 

ii!fc5 3i5cSOlnGaNj:9<i;5im fo^v^l* 

[00201 WrUl (c) K;^1-<fc5K, Stt«2CD 

40 aJiiv^b* ). S:J**S*5. iOHTyHdftfclBUlftL 
ED#Sg£r^L-Cl^-5<£>T% piil±pI^7?Kl3 

[0 0 2 1] El±<Di 9 S«l 0-blCnSSl 

2 0 inaSX±<ommx^^^ tWnlf lClt 

50 t««l 0 bV>m\Zs<y7Tm 1 1 Sr^ft i> < tV^ 
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U tfcniil i P il3 fcoflOteifttJi 2 
J12 ir, ioa^i9 45nifi.(«9|ttfnI^ 
[0 0 2 2] XSct- . g-fM^3f#£ 9 ft3JiHM#it£/& 

(d) iz^-raoi-, mm 0&&±i-.5 o ssioi 
^tf«t®+ v ^m<DM&. mm+mmt*mxmmw* 

rirli^v^c*. i^i^f??!! 

pMS4<DSE®i#±TKSmUfc?^^£fE§!l 

[0 0 2 3] 01 (e) (d) »!>i-^f)f 

nil 1 <D^ffiKI2nmi&2 0 SrlSfts 
S-hJgropM^;?^ hM4fc(i^5fcffiWp W®2 1 i 
/<y K1II2 2 i:*»e>*5S«iSr^fifcbTV^o piU 
2 1 !43>if;tt<D^:mSffiT?fc •? . #J:ttt: 0 . 1 n mElT 

UV^-S 2/^g$l5:HrC^5, @3tttCO P m®2 1 ti 

tffi2 2ft®*|4©pt®2 n-w&v-j^—ft^j 

^y-rz tm%.&n.m2 1 #s«tiv*>-t-< <c5ot\ P 

SS2 lOfd^H^Kit-r-Si:*^, y-fir-tf^T^ 
^2 l tf^SPfcfoii:, !7-f-lr— J3?^r^ ^^W7j?i/ 
[00 24] *&W<Dm 1 «>«W**«*«>G a NW&tS 

r. o i 9 fc, -flEjfift **fc*^^NIM*tSrRiS««*» 
[0 0 2 5] El 2 (f) ~ (j) teu *Iitf)g2«i 
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[0 0 2 6] IH 2 (f) l^tSSl.Ott^tr^iD 
*«. SR2 ©llT-lilgiU f^yux-fe-S^SiiSfe 
S.-jSrtffcb, l2©i«liIiwi«iM») > 
1 0©±tena«Srj«ft*-a-C*»&a6*S:Wt*i-5 o .-t 

gnSSSrSSSSIrtK^U 1 0 0 0^C£JLk£>iii*fi-e 

io *A*K#*t>jftft s-tt-^-t-v vow:* i (Dmm-c'&^it 

[0 0 2 7] ~ tT^yU£« 1 0 LT^ y 7 rl 

1 l^gJ«../'y7rll 1 ii^l«^«i:#tc 

[0 0 28] ©/< y 7 7l 1 -1 l:» UTnli 1 

*2 0 n mK±©BWTfJ** £*5<, »2©iitli: 
Oniil ttHl— »aflS«iN»#«J*» » * U< 14 G a 
NT? 2 O tf m£l±03^Jf:-C-^;ft$-lir5r £#a£LV.\, 

20 0 /imEJll, £ <b\Z&& L< (41 0 0 ^mEU:, *fc£F 
•£L<I41 2 0 /jmKlOWt^Jimr i:#a* 
Ur\i rtill, n 11 1 MlC^g 1 0 Sr^ tt , 

ot, JR2©llB«-T?tt:naUilB:*l«>«»J:5t>#< 

[0 0 29] *fc»-JRl©tt«i:lR]C<J[52©||«-C 
30 fc, nWM 1 K S i , G e » S nlg<Z> K"7— ^FMfeS: K 

ri:^S*b<, K-7— ^M^K-^LT^yTg 

S 1 1 fc*iELfcflS©*-lr y TjSSSrTc^ < U 

[0 0 3 0] W:> niil^*t> ^.a— /n*S«* 

2 (h) \Z7jk-Ti:^\zmmi 0Sr^*-T5. 

40 tS-itiot, »lC9^ffit^2W^ffit^dJU 
fcnil l i 9 45 ^s-^tffi«t5 ; i #-e# 5. 
£rcu 02 (h) T-t^f^y77liHfet$ii 

[0 0 3 1] §fjt^ ^2W^#-T?(4, S«l 0 6^* 
^S^t-TSlcW:. -fb^^y^^^coftb,. WS, K7 
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TZZb&XZZ, 
[0 0 3 2]*C, 0 2 (i) lC*-r,t5l-, niil 

Jf 4 SrHStcfBJBi-S. Stt^ 2 tt* l ©ISfll-THiS^fciS 

n t ©i«»r, nsi i ■h*i&zmf&i:irt* n.iift 

[0 0 3 3] 02 (h) 14 ( i ) '^h^V? 

k> . S3t^m®2 1 . /<y h*mm 2 2 ©•fiuaaiiJKttJS 1 

(e) <D3-<y7tmftZ>&\-Z. gttf2©Ttt5nI 
Jg 1 Sr^s/^^bTV^i: r strifes, t4ht.pl 

'fcft*. b#>bft#P>, Sfctt^ilMm****!:^* 

zbt&mmx>&>2><, -t«?fc*vi , n*»«)®r*^^>'^ 
*$®f-#5*uftv^.fc 5 r. 4: 5 <r>X\ 

[00 3 4] 

immm] sit. MocvDm\^xmtm^m^^ 

$-ar5#8i&i&'<* *^ *^W<0^f4MO C V D fctt 
"Cft< v MBE, HDVPEf©I«^ift^f$ 

5fcwf(4ftv\ 

[oo35] mmm n mi <omm 

H 1 Sr55(c tt*«ierol 1 <©«*$:RWi-3b ( 1 1 
1) ffiSr/fcUffiti-S**'-*/!'**!. 0 (M g A 1 
jOj &KJSS3Sl*i»--fcs' hU KJ£S3lrt3:7Ri£-e+ 
#gglbfc&, TfcfStSrSfcbft;!^ SfficoiS^fcl 0 5 

[00 3 6] j^T, 5 1 0"C^T-T»f . 50 
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T Jjm#X\ZTis*=-T tTMG (hV* 

45^y7rl l l Sri^2 0 o^-Vi/^ hn-Atf)g)| 
^7TlttAlN, GaN, A 1 G a 

[0 0 3 7] /<'>7rillM'l TMG<£>^Jhi6 
t\ 1 0 3 0 < e*T?i:#^-a:S„ 10 3 OtDteft 

— >#;*^iy9^#*£:fflv\ 01 (b) dTfrf-J: 
5ti, nlay^^MlirLtSi F-7nlGaN 
JlSrl 0 0/imroMJPT-^*^-ti:5 o nl^y^^M 
1J4*D0W5 0MmSrift#-yyTjtaFWn + t UT, #C 
W5 07tm^<S^-YyTlg«On-i:i-5 o nfny^ 
^UlilnxAUGa^-vN (0=SX, 0 ^Y, X+V 
gl) tMtSIt^T^, tt&aN, InGa 
N. ^<Z>tf-T?fc S i S: K— ^bfcG a N-T?#S/£-t5 - t 
Kit), ^^yrSIS<OiS5V^nS®^#b^ 

*££$f£bwa— ^ •s'tmbumhtiZo ^mmnun 

b LtttA 1 s Ti, W, Cu, Z n. S n. I n^<D 
&JR^b<i*£r&J5 J #*bVva-—$ v-tr&fthfrZ. 

[0 0 3 8] mzlMUtf 7-\ZTMG , TM I, T>^=- 
T&J8V\ ii.St:8 0 O'Cl^tSr^bT, /yK-TT n 
0.2Gap.8N±«5ftS^— *^-#F«it (SOW) «fc 9 

S„ SttS 24rl nGaN±t)45 #7*^1 Sr^tf ¥~ 4 

fitKB3t-Ci^3 6 5 nm~6 6 0 nm^-eoffimTjft^ 

14, #FM(47 0^-^^^ hn-A^T. I^SJSttl 5 

WTroBlfflwS8S-r5 r t bV^ c 
[0 0 3 9] ^{C. 10 5 O t Cl-Ji#$'ti:, Mg 

K — 7pSA 1 0. 2G a 0. 8N <fc <3 ft 5 pl^ 9 y 3 

pl©^ 7 y K^»4A 1 &'gtr&ikVs 2 $m#. & 
SL<I4A1 GaN^S$iirSwi:^|i^LV\ pi 

±9 pSroifef B *s#6Jx525S, »*b<J4^ft^T^-fe 
7*^-^F*g^?r K-^bfc^SrT^-y y^Lt, T 
>7 -fe ^"^ — ?F«« b fe-fr bfcTK^ * ?j ^*-r 5 

[0 0 4 0] #CU1, 1 0 5 0*C"CM g K-/piG a N 
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£-#£ 0 &&'&<omffim&mi u) vw^> 

^^H4ttpiInxAlvG ai -x-YN (O^X, 0^ 
Y, X+Y^l) T^t5rt^-e#, WKInGa 
N, GaN, t^TtMgSrK-ytfcpSGaNt 

t LTf*N ixPd, Ir, Rh, Pt, Ag, Au? 

[004 1] »S1*T«. *:r-^*rRj£8Slfl»&« 9 

i^^stsi osTTytf^^ur. mi U) k 

i 0 W/<y7ri 1 lSrBfe* 

[0 0 4 2] 7^/^^^bfc^^-^S:Wr v — y 

(DT~ — y ^^Srfr5o ^te. 3 0 Ot 

B*_h, 1 2 00tHTttfV\ T^=7\ I*«ON 

[0 0 4 3] T^Uy^ T^— !ly^3Strtl:lo 
7 o o^-cr-— y ^^Srffv\ pSWS:£e>fc<BJ£S; 

4t*f-£o r<30T^-y ^ISilfiU O O^i-CHSr^- 

[0044] 7=-yy^ x 7Ky i/>*^Lfcn^=i^ 
hJ§l <D&ffi<D&&±.mzT i <t A 1 &<atfnnM 
2 0S:2|tm<Dfflt»-t?»fiS;U — pl=«^^ M 
4<Df5f3?^ffifc:N i i:AuS:$tf2l3fcttOp«ffi2 1 Sr 
1 0 Ot^Xbo- ^^JBWejgjft-rSo pl^^ 

*^a*tt«BtiioTpaui^fc«ttb, 

\zmm2 v m<Ds<iy VMM 2 2 &j&ffcrz>o 
[004 5] W_hCOXS^T«> 

£rnS=^*^ hSl^HttSrfflVNT^MUT, 2 5 
0 M m^(OLEDS^mo r^LED^ttlTfc 

Snm*fcp«*£«:*U flU^FftftSc (I 
f) 2 0mAm^, JH^JnjfBE (Vf) 3. '5V, 

[004 6] [lHJg^J 2] 1 lCfcV>T, 36«te1>- 

77^7 (ooo i) m&m^zi&iz^Mmi tmmz 

tt, f 7T>f7SS(D±|CGaN<t9 4^><^77l 
[0 0 4 7] Wl^O/^77i^±KS i K-^nl 
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GaNflS:5/imS*S*5 6 W-fflSS: 8 0 0<CK: L 
.t\ S i K^nlGaNf(D±^ S i K-AII 
nO.lGa 0.9N^$r 5 0 O^^* b a — 
5o t< S i K^nSGaNSrS fimf&-§:£ 

•fr, £ b»-S i K^nS I nO. 1G a 0. 9NS:5 0 0^ 

U ilf 6 0. 6/im©nl3y?^MS:M$* 

fct^5, (If) 2 OmAteJSV^T, J® 

10 *lft«BE (Vf) 4V. «jtffl*-2mWTfcofc 0 
[0 0 4 8] [|U6«3] (I2^)i#) 

1 irHMSIUiUTs (Ill) ffi£/£effi£^5*triM' 
S«10 .(MgAUOj <£>^ y— =^^SrffV\ ^tr 
^Sgl OiCGa NJ:068/^77i 1 1 £: 2 0 
0^-V^^ hn— ^(DmmX+f&nZ^, :^5/77i 

LT S i K-7nlG a NJf «r 1 0 0 n m^JRff-C/jfctt 
£i*:3o H2 (g) 
20 [0049]jEfc£SL ^*K£#*a>fettttiU 

^IS10^7 5/^^LT, El 2 (h) ^Tjk-tX 
5t-*t^M'S«l 0 ATfis<y 7 tM 1 1 ^tnl 
=2^*? hmiV~—^t-tZ> 0 Sbl:/fi^J7* 
X (n-) Pniny^ h/fft!l£r^y ^y^tti 

[0 0 5 0] ni^y^^MS^g 
jcK*»fcSH»u % r^^^r^H^-e, 1000^0 

[0051] #c^, so60ii tra«teb-c#y 

/cnl^^^ hJf 1 <D*ffi£SQWfll3t<£>ffit£«2«: 
3 0t^hn^-A«T^S$^ ^<£>gteJi<D 
JblCMg K-^piA 1 0.2Ga0.8N<fc!9ft5p^^ 
yK!3SO. 5Mm(OgSt^5^MgK^p 
lGaNi^^pi3y^^M4iO. 5//mOB 
-fia««OWfiHBI^BI2 (i) -CfeSo. 
*^SttJB2Srfi8;fiS-e:5«(r^nMa^^ Ml^f 

40 IICGaN, InGaN, AJGaN±!)45/^/77 

[0 0 5 2] KJ»»T*. Rfc*»rtKl*3V*-T\" H'S:* 
1:*V>#BiR ( K Ar^cD^B^f, 70 

0tT'7^yy^ffv\ pSWSrSbfciSfiKft-t- 
5. 

[0053] r^-y^m. 9*— ^«r»£**a»e> 

SlSfchiU pl^y^^ M4»bil 0 MmT^t 

m2 (h) "fcSi-J: 5l:nf3^^ 
50 §rSffi$^5 0 
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[0054] mz*$mm 1 1 mm\z tt, mim^mfc 

^jfegSir-C^ft^nll^ Ml 1 <£^B5<Olil££: 

ffilcT i t A 1 «r£-tfn«8i2 0 4: 2 /zm^St^ 
U — pl3y^^hS-4(OlilJMi:NitAu 
£r^frS3tet££> p 2 1^10 0*:^;* h o — J*<D 
W"SWU p«!20«)|j|ft*|:llW2MmO/< 

[00 5 5] £t±^XS»T«, ftfltf*^***-^ 

V^TWBrU" 3 50/imAOJS**?i:t5. r.<D^ 
*^t-bTte»lRli"-Sn««i:p««i:Sr^rU If 2 
OmA^^T, Vf 3. 5 V, «»5mWt«tl 

[0 0 5 6] [Jfettfll 4] B3 tt*»W^«fe^ £ 9 # 

LDSr«3tt5*»Sri6^5. 
[0 0 5 7] IHfe^J 3 fc jSV>T^ * tr^y^Xffi- 1 0 *5 £ 

fl-0 0/im(DS i K^GaN±!)45nIay^^' 

•bmi /NfeSiawrtfewiufc*, ia«&8 o 

OtiwLt, gS^I^TMG, TMI (hy^f;W 
>-v^iO , Ty-^-^r, ^ffiMotf* \z \y=7^^^ 
V\ S i n0.1Ga0.9N«J:>!)*5^7^^K± 
11015:50 0Jr>-tf* bv—J±<DmJ¥X-f&M£lt 
5 0 w^^y^EfritJf 1 OlftI nSr^tfnSl^^fc 
(SFSUttlnGa Nt?*ftS*5i 

si o 2&mmx*&&£itz>^k&*imtf2*), #m\z 

8F*LA\ LD©m *HCii6ii45II:;ff 
SL<tt0. 1 Mm£A±«)]IIW"e**S*6a65***> 
5 Q ft*-e«G a N, A 1 G a Nl^±lrl», ffj^tf) 
AlGaN^gJ«t »*»5>|i*S**:AlGa 

(DZ^yfVikmxO \ mzj$&£ltZ>A 1 Srgtf 
|l(DnIi«*^ll 0 2IC^7^^^(DS: 
BSJhi-^wfc^tSo ft38r<0*7**BklhJiW:.l 0 
0*>-^;* ho — J^gJUbv 0. SMmKT^filtM 
$*5wi)p»ftLV\, 10 0t^7hn-^J:n 

»v > t mmco & b \z ? =7 y ? m± t vxftm uz < < , 

So ft**. ^^7*/^ EfrlhJI 10 1 H^ft^jfe, J** 

[0 0 5 8] tfcfclfflj^ 103 O'ClrbT, J^^f^^^ 
TMA (M)^f/U7^^!>A) , TMG> NH 3 , 
SiH*£:ffil\ S i K^nlA 10.2Ga0.8NJ;9 
45gl<OnIift«l#»ftI102S:0. 5/xmCOK 

z<omi(Dn mmm^mftm 102 
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U ±B©J:5fcA-I **tp*flS«F*W*. $f^b<l± 
AlGaN^S^5-t^ltt<, 10 0ty/ 
^fp-AKl, 2/im«T, S?>l-Sf4t<tt5 0.0 
*^>/* ho-Aj^J^ 1 MmSAT-C/SftS-frSitfc 

[0 0 5 9] ia*S:8 0 O^CteTJf, S i K-/niG 
aNi045*20nIift»iN«*:*10 3S:0. 2 

Jfi*> WKltLt^fflU GaN, InGaNir 
10 .**$*5^i*i4L< % Itiooty^hp- 

- 1 m m<Dmmx+&M£itZ) Z. £ #3* u,\ 
[0 0 6 0] #cfc: % SW^i:tmg n tm i , 

Ot^fipLT, *fyyK-7 f In0.2GaO.BNiO 
iff. /^K-^I n0.01Ga0.95NJ;0 3S5W2«Sr5 
^Si4B2Sr^;SSii:S 0 

[0 0 6 1] Hk\Z^ 105 0<CJc:_hH\ TMG, 

TMA, NH 3n Gp2Mg (v^ tz-O-^ V?-^)V^>f 

*S*#V\ Mg K-/plA 1 0. 1G a0.9N<fc !9ft 
^Il^pSIttmi 1 04$:300ty^ h 

o-Aonw-eMSts. :oli(?)pltftW« 

30 ItUTtftV^, *tff*t<f4pli:t5. »l© 

p mmm^m^m i o 4 o . i M m £<t> s 

£>tw#*U< lis 0 0*V^;* ho — AE*T, 

U< tt3 0 0*^^ ho— A£JLTJcW»t*4o 0. 1 

co^yu^— y< y r £ h J: 9 affl-etr ft < 

fti. Sfc, Al««it^f^AlGaNi»<f 

40 0 . 2Sl±<7)A 1 yG a !- Y N^feiia5 0 0 h 

3fL#JI 1 0 4 ^flU»OT»tt#te|RJfebftV^*^ 10* 

[0 0 6 2] ^V^T 10 5 O'CT-, /^K^t7^ 
^^-3*5* l(Op aSftM^MKflcje 1 0 .4 £ D 
V^ % MgK^plGaNt945*2©pl»K»* 
»*il-0 5S:0. 2MmOi»^ftS«p Z(Dm 

103^i:<GaN, InGaNT^S§^:t^ 
50 a*bv\ *fc, :©If4*3©pItft»*i*Il 
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0 6%fi.&£ltZEk<0;<y7Tmt LTfcfWBU 10 
Oty^hn-^Sftm, Jt)l:0tl<H:2OO 

[00 6 3] j^Tl 0 5 0*C7?, ^yK^y^* 
/u*-i««2©S[^«»iMW*:Jil 0 5 ±9 M 
g K— 7 p pSA10.2Ga0.8Nit)*5^3WpS[S'fli 
^$#110 6iSrO. 5/imOMt**S*5. - 

(om^i^^mMim^mwrni o 2ti^c<, 
yrHCii*®, s«H^*ltLtfffflU, ai lo 

Sr^trffrfcfc*! 6 *^ »*L< I4A 1 G a N&/feg£* 
5r.fc**a*L<, 100t^hn-AK±, 2// 

[00 6 4] *HJfi0IJWJ:5^ I nG a N± »?ft5#F 
0. 1 nmSXT<DA 1 Sr^tfflS l «) p aSMt***** 

1 o 4 *rw\ ^<o p w&{tm*m#m x. 9 hfs&mfa 

11 0 5 4:K»t, -tOf2©pSiW»*i 10 5 
<fc 9 fcSffif a^StnJtffcttl^ IS 2 CD P £*ft*H*tt 

f Si 0 *5^3© P Iift«i^ftI 1 0 6£12tt3 

i*I10 4©if5rO. 1 jnnKTi:l*<K5feU-C*> 

-e3b*.fc U LD«UiWlSl±t?>, o •£ 

aA^nfc^-r y ri4, m <D P m.mm*m-#m i o 

4 co/^ K =¥V y V ^ifc. 

y 7ligttil:t-/<-7a- tti% $1W P 

S&flsfc^WWi i o 4-effljhS^u5fc*. ^tur^ 

t^T'#5o 40 
[00 6 5] fg3 CO P _S*ft:«i|tW#« 106 

C0_hlc:, 1 0 5 Ott-Mg K-/plG a Ni !) W p 

[00 6 6] &&mT'&. iaasr^ia^t-TifT^^- 

[0 0 6 7] T=— y R I EI-it»*±S<Dp 

1=^7^4^ ^ 3 co p afll^ibiNKM 1 0 6 

t Sr^y^^^UT, 2 i/mCO^. h7-l'7'<SSr*i-^ y 
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h«4<0SffifCN i tAuiO 45ptffi2 1 
h7-f 7'!t*icj?jft-t'£. <t*5p««2 lttu— y-'^ 
^--e*>5fc«>»fca*ttKi-5s65««:*v^ — *, Ti 
iA'U94Snti2 0 *rftfttt¥iftttJI 
V^V^cOnS!^*:? hJi 1 «5li^ffi»c^-f5 0 
[00 6 8] — ^£r* ^Wftffit-S 

3. *«SI4S«* s GaN-C*>5<0-eGaN<D^BH4S: 
Wl] 

(1 IOO) 

7£coffi (MB) I^S-rSBT'foS. rcote, R I El? 
IBSSr^R-rarttT?**. * fee cote, 9H9$rtt 
[0 0 6 9] BM&L *it3£ffit'S i 0 2 tT i O z H<9 

(= p — I- KM ft 

m -et-h-yy^l^fiU #afi/-f3SSS:lt* 

L£ V MBS*®* 2 k A/cm 2 T% 3§M8tS 
4 0 0 nm<P&i8fc3S«jJS?iS$ixfc. ecoi; ? KG a N 

[0 0 7 0] 

[3§f5co#)*] EiLht&i5!Uifc.fc5fc, *»W©*ifefcJ: 

-fXt>/h£<-c-#3co-e. w— w&L<o<*~—'^b<ol- 

G a N^SKT-fc^co-eLDcoi 5 *^ffit::i£v^*S® 
IrMitSf^-i'^t-liG a Nco^gBlci: 
ffi®Srfm-C#^ ^co«^±co?iJffl«iti4^(c^# 
v\ 

[ElfficofSS**^] 

[ei i ] 7t&m*>%i<omm<r>&j-m*vim-rzitib 

co ^ i — ^>co1f 5S ?:^-t-^^»rffi0o 
[0 2] *3fiM<0|g2©«««>*xeSrRMir5fcft 

[0 3] ^^co^jfelci^W^tbfcL'— tf^co« 



